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= ksmpf + kimpf · [Wee1] · [MPF ] − kampf · [C25P ] · [preMPF ]
−kdmpf · [APC] · [preMPF ] − kdmpfp · [preMPF ]
d[MPF ]
dt
= kampf · [C25P ] · [preMPF ] − kimpf · [Wee1] · [MPF ]




V ic · [C25P ]
Kic25 + [C25P ]
+ ks25− kd25 · [C25] −





V apc + V ac · [MPF ] · [C25]
Kac25 + [C25]
− kd25 · [C25P ] −
V ic · [C25P ]




V iw · [Wee1P ]
Kiw + [Wee1P ]
+ kswee · [Wee1m]
−kdwee · [Wee1]−





V apw + V aw · [MPF ] · [Wee1]
Kaw + [Wee1]
− kdwee · [Wee1P ]−
V iw · [Wee1P ]















ksweemp + ksweem · [BN ]
Kweem + kwpcn · [PCN ]
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ksweemp + ksweem · [BN ]
Kweem + kwpcn · [PCN ]
− kdweem · [Wee1m]
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V iw · [Wee1P ]
Kiw + [Wee1P ]
+ kswee · [Wee1m]
−kdwee · [Wee1]−











QJmuK ¤   u s
    u $
 \u s
 tvs@y   u F §tvcibjsHk3deQVEQVEJbjsHJ_KFQVE@tQ'"JmJ¬mJcgtQJ,yQVb­ª´n´' ¤   u s    u s tvs@y   	Q §atvsy¯y\dijJ,mKVJ3`@J,Et[deb0mKO"JmJ3bj`\QutvdisHJ,y DFEHJ hHcicnI3b\y\J,cndisR"TVUzq"¨r°SN K]Z[s.QtdiKFk0de0Jsdes¥tjxHx@J,sy\d& 
VK5WV ld @QGH? `?Ed @Hh dfLm@ ` D:>?^@Q8;L_@a`






J\xHceb0mVJ_y DFEHJ2tvcihHJ,KbvzQVEmVJ,JxtjmtjI^JQVJ,mKtjxHx)J,tvmJ,y Qb©`)J2I3bjmJKVdek0sHd 2 {tjs0QQVEtjs bvQEHJmuK

  u s 
 
  u s tjsy   	Q  rDFEHJzQp"bxtvmutvI3JQVJmuK   u s
 tjsy   u s `@bjQVE{bjs.QVmbjcQEHJciJ0Jc=bj
zmz Ä{F|R}R~R|





















QJmuK ¤ mJkjdibjs§   N¥ln«tvs@y¥R #EtjJzdisy\J,x@J,sy\J,s0Q¬x@J,mVdib\yHK'bj®b0K{
dicecgtQdeb0sKbj®0\  MjE¥tvs@yjH  0~vEmJ,KVx@J_{ QVdijJ,ceZatvsy^sHbKVhK]QtvdisHJ_yab.KV{decicgtQVdibjs@K;tvmJ"b0`KVJmjJ,y bjm®­ª´n´'j ;DFEHJmJ,t0K]b0s b0m;QVEHJ
x)JmVQVhmV`tvQVdibjsdes¡­ª´®´'zb.KV{decicgtQVdibjs@KndisQVEHdgKFmVJ,kjdibjsdiK"QEtQ­ª´®´'zmJ,{JdijJ_K"KVdiIhHceQtjsHJb0hK]ciZ3Qp"b




































































QVJ,m   	Q  mVb0I   FQVb0  ztjsy   u s
 mbjI H  HOQbj DFEHJaK]Z\K]QVJI KVEHb'KJs.QmtjdesHI3J,s0QS bjmStjcehHJ_KSKVhHx)Jmdeb0mQVb0  a b0m   	c tvs@y¥H  M
 b0m   u s  Hbjmzb0hHmzxHhHmx)b0KVJ,K
 
{





QEHJ'ciJsHkjQVEbj8QVEHJ'x)Jmdib[yK ;N¥ln¯K]Qtjm]QuK;d QEtvstjh\QVb0sHbjI3b0hK;x)Jmdeb\y3bv=0\  MjEtvsyR# tx@J,mVdib\y
















QVbjmdiJ,K®bjN¥ln tjKFtz hHs@{ QVdibjs
















dikjhHmJKM  ¤ t.§® 	 xHcibvQuK®bj)QmtvopJ,{
QVbjmdiJ,K!bvR# t0K®t¬ hHs{
QVdibjsbjNln"  ¤ `@§;  	 xcebjQK®bj@QmtvopJ,{




tKpQutv`HciJb.KV{decicgtQVb0mVZmJkjdiI3Jj OHb0m   	c j Ç~
 
R# tvsyNln KVEHb$tK]Qtj`HceJQVmutopJ_{ QVb0mVZ¡tvmbjhsy
tKpQutv`HciJcideI3deQO{Z\{




























QJmuK   	Q tvsy   c tvmJtvmdiJ,y©KVdeIahHceQtvsJbjh@K]ciZj £° cidesHJ_tvma hHs{
QVdibjs©bj'QVEHJ
 b0mVI 




J,s.QVmutvdisHI3Js.QmVJ,kjdibjs ¤ dek0hHmVJ~0§  
zmz Ä{F|R}R~R|





{demu{t0y\dgtvs{Z[{ceJ^ b0mOyHd 8JmJs.QztvcihHJ,K¬bv   	Q ¤ t0{ Qdeb0s2bjn­ª´®´'b0s£N¥l!§¬tjsy    Q ¤ t0{ Qdeb0sbjzq 	 qFj~2bjs«N¥ln;§
 DFEHJ¡cideI3deQbvrJ,s.QVmutvdisHI3Js.Q{
bjI3xHhHQVJ,y `[Z R"TVUzq"¨S°rN ¤ mVJ_yC{mVb.KVKVJ,Ku§diKdis.QVJ,mVx)bjcgtQJ,y`.ZQVEHJzcidesJ,tvmF hs{ Qdeb0s
kampf = 2.44832 · kimpf + 2.0071 ¤ KVbjcidiycedisHJ§  














































































Z bvtvs.Qd 6QVhHI3b0my\mhHk0K * +6  UrsHJ
x)b0KKVde`HciJJ\xHcitjstQdeb0s¥diKSQVE@tQSQEHJ^J







































QVJ£bjmsHbvQ hHciceZ {bjmmVJ_{ Q

































 !"#"$&%#(')&*,+.-0/1%("325476!*0$8& 96!":*;/&)!< "
>=&")";+?%!) 9
$ ")";+7%)A@CB&#&DE32GFHI $ ")"J+?%)K@ML760NO2QPAIQPPE&HI $ ")";+7%)A@CB&#0+&$&'$2RPAIRDE HI
$ ")";+7%)A@TS&"$NO2QPAIGFHI $ ")"J+?%)K@TB ";+&$'A2UE HI $ ")";+7%)A@TL&"$?V2QPAIQP?FHWI
$ ")";+7%)A@CB ""$?2,FHI $ ")"J+?%)K@TB?9DEV2,FHI $ ")";+7%)A@CB?90N&J+&$2RPAIMPP?FHI
$ ")";+7%)A@CB?90N&32RPAIRE HWI $ ")"J+?%)K@TB?90N&;+X2RPAIQE HIY$ ")";+7%)A@CB?6,+&$&'K2,FWIRE HWI
$ ")";+7%)A@CB&#N&J+X2,FHI $ ")"J+?%)K@MS76V2QPAIRD HI $ ")";+7%)A@TLN&;+2RPAIRD HWI
$ ")";+7%)A@CB?6!"$?2RPAIRE HWI $ ")"J+?%)K@TBN$?J<2UE HI $ ")";+7%)A@CB&#N&32,FHI
zmz Ä{F|R}R~R|
    xS C
	 
$ ")";+7%)A@TS&"&V2,F!HI $ ")"J+?%)K@MS760NO2QPAIRD HI $ ")";+7%)A@TL&"&DEV2RPAIQP?F!HI
$ ")";+7%)A@CB?9,+&$&'K2RPAI E&HI $ ")"J+?%)K@ML76DE32RPAIQP7FHIY$ ")";+7%)A@CB&#A2RPKIGFHI
$ ")";+7%)A@CB&#0+&$&'K2UD HI $ ")"J+?%)K@ML&"!NO2QPAIQPPE&HI $ ")";+7%)A@TS&"!NO2,F!HI





B&#0+&$&'$ $&)=	 '*!) $&)=			KI
B&#0+&$&'$= '*!)=		KI
B&#0+&$&'=&= '*!)=	=&		KI
B&#0+&$&'=& $&)=	 '*!) $&)=		=&	KI
B ";+&$&'MDE0=	 $)=	 '*!) $&)=		TDE=		=	AI
B?6,+&$&'&7F=	 '*!)=	&7F		0$)=	AI
+?"&)&*V@Q)"% 6!*32TB ";+$&' 0B?6G+&$&'?HI
&7F
S760N!"&?F,= 3@ML76;N#&?F,=	?H '&*!)$?F,=&?F I
@MS&"$N	#!S&"!N!%=	7H&?F 3@TL&"!N#" ?F?H '&*!)$?F&"=		&?FG=I
@TB?90N&;+&$#B790N&;+'C4(	7H 3@MLN;+#BN$?;<T=(	 H '&*!) C4(		&7F + I
B&#N&J+*&?F +! '&*!)$?F +KI






















$ ")";+7%)A@ 90=O2,F IRE HI $&")";+?!%)A@TB#!<2RPAIMP?FHI $ "!)";+?%)A@MS!=&K2RPAI FHI
$ ")";+7%)A@TL	=O2RPKI
7HI $&")";+?!%)A@TB790=O2RPAI7HI $ "!)";+?%)A@TB32RPAIGFHWI
$ ")";+7%)A@0+ =O2,F IGFHI $&")";+?!%)A@MS&D=O2RPAI  7HI $ "!)";+?%)A@MS =&K2RPAI?HI
$ ")";+7%)A@TL+ =O2RPKI ?FHI $&")";+?!%)A@ML#!$2RPAI FHI $ "!)";+?%)A@TB
32RPAIRE HWI
$ ")";+7%)A@CB&#0+&$2QPAIQP?FHWI $&")";+?!%)A@TBA2RPAIRD&HI $ "!)";+?%)A@#!=&K2RPKI
7HI
$ ")";+7%)A@ 9!K2,F IGFHI $&")";+?!%)A@MS F,=O2RPAI?HI $ "!)";+?%)A@#!=&(O2RPKI
7HI
$ ")";+7%)A@TL	 K2RPKI7HI $&")";+?!%)A@ML!$2RPAIGF!HI $ "!)";+?%)A@TB?9;4O2RPAIGF;D HI
$ ")";+7%)A@0+?K2,F!HI $&")";+?!%)A@TB K2RPAI7HI $ "!)";+?%)A@MS D04O2RPAIGF!HI
$ ")";+7%)A@TL+?K2RPKI?HI $&")";+?!%)A@#=&K2RPKI
7HI $ "!)";+?%)A@TB32RPAIRD HWI
$ ")";+7%)A@CB&#0+ V2QPAIQP?FHWI $&")";+?!%)A@TB79!K2,FWI7HI $ "!)";+?%)A@MS FG4O2RPAIRE&HI
$ ")";+7%)A@ 904O2,F!HI $&")";+?!%)A@MS&DK2RPAI FHI $ "!)";+?%)A@TB7EV2RPAI?HWI
$ ")";+7%)A@TL04O2UD3IRD HI $&")";+?!%)A@MS F;K2RPAI7HI $ "!)";+?%)A@#!4&K2RPAIQE HI
$ ")";+7%)A@0+ 4O2RPKI7HI $&")";+?!%)A@TB#!<?V2RPKIGF0D HI $ "!)";+?%)A@MS!4O2RPAIRD&HI
$ ")";+7%)A@TL+ 4O2RPKI?HI $&")";+?!%)A@#K2RPKI
7HI $ "!)";+?%)A@MS 4O2RPAIRE&HI
$ ")";+7%)A@CB&#0+2QPAIQP?FHWI $&")";+?!%)A@MS&D=&K2RPKIGFHI $ "!)";+?%)A@#!4(O2RPAI7HI
$ ")";+7%)A@C<2?HI $&")";+?!%)A@TB D32RPAIRD&HI $ "!)";+?%)A@#-(O2RPAI7HI
$ ")";+7%)A@ +X2UD HI $&")";+?!%)A@MS F,=&K2RPKI?HI
$ ")";+7%)A@TL#A2RPAI  7HI $&")";+?!%)A@TB F 2RPAI7HI
 +(
 90=! 4(	;< 3@ML	=;<#C4(	;< H '&*!)C4(		=I
0+ =!"=	 3@TL+ =#"=	?H-#0B&#0+&$%=	 '&*!)=	KI
 9! 4(	;< 3@ML	 ;<#C4(	;< H '&*!)C4(		&AI
0+?"& 3@TL+?#"&?H-#0B&#0+ %& '&*!)	KI
 904!0L04,+' V@ML04G+#C4(,+H '&*!)	4I
0+ 4!"4	 3@TL+ 4#"4	?H-#0B&#0+%4	 '&*!)4	KI
B?90=!"=	 '&*!)=		=&AI
S D=! =&!=	 V@ML#!$#+C=&!=	7H '&*!)=!=	=AI
BC= '&*!)=	=#AI
S F,=! =& 3@TL$#C=?H '&*!)=	=&=I
B&#!< =& '&*!)=	KI
B C=M '&*!)=#=&AI
B&#!< =&!=		##=&%C=&!=		 3@ML#	#+C=&!=	7H '&*!)=!=	3I
B?9!"& '&*!)&	AI
S DT!=	 V@ML#!$#+M!=	7H '&*!)!=	AI
S F;T 3@TL$#M?H '&*!)	=I
B&#!<?%M '&*!)	KI
#%M!=		 3@ML#	#+M!=	7H-#B&#!<!M!= '&*!)!=	3I
S D=&%C=&!= 3@ML#$#C=&!=	?H '&*!)=!=	0=&AI
zmz Ä{F|R}R~R|
xM    xS C
	 










#=&	C=&=	 3@ML#	#C=&!=	?H-#0B&#!< = !=	 '&*!)=!=	KI
#=&(C=&(=	 3@ML#	#C=&(=	?H-#0B&#!< = (=	 '&*!)=(=	KI
B?904!"4	 '&*!)4		4&AI
S D4! 4&!=	 V@ML#!$#+C4&!=	7H '&*!)4!=	4AI





S4! 4(=	 V@ML#!$#+C4(=	7H '&*!)4(=	4(I
S !4! 4(	 3@TL$#C4(	?H '&*!)4(	4(=I
B&#!< 4(	 '&*!)4(	KI
#4(!%C4(=		 3@ML#	#+C4(=	7H-#B&#!<!C4(= '&*!)4(=	3I
#-(!% ;< V@ML#	#;<?H-#0B&#!<;< '&*!) J<	KI
	;<?60% 6!"9%"%
$&)&9!0<&%A@T$&)=	A2QPAIRD




7HI $&)&9<&%A@M=!=O2RPAI FF 
E  D7F0E HWI





?F0E F ?F0D  HWI
$&)&9!0<&%A@ &?F 2RPAIMPPDD   
  E7F 
7HI $&)&9<&%A@M=K2UEKI&DE7F0D ?FHI





$&)&9!0<&%A@,A2QPAI F E E7F!HI $&)&9<&%A@M=(=O2RPKIRD     
?F 
?F!HI
$&)&9!0<&%A@ &?F +X2RPKIGF  FF  P?F& D&HI $&)&9<&%A@M4K2,FWI
7F& ?F  F 
D HI
$&)&9!0<&%A@=&6V2RPAI  
 DD  FHWI $&)&9<&%A@M4!=O2RPAI  F    
  D HI
$&)&9!0<&%A@ =A2UDKIP
EP 
7HI $&)&9<&%A@M4(O2RPAI P ?F ?F 

7HI







AIEE7F;P D HI $&)&9<&%A@ J<2RPAI  





    DE HI














ItjcedgtvsQVdiI3JciJ,KKF bjm'{demu{t0y\ditjsmE[Z0QEHI3di{d QpZ0   	& s
 


















   	O#$xsss	    aFO 	#^#   s    Q   	& 










tvsy #rtQVE@tvcideJqEtv`HmdiJm wdi[deJ,m, FN¥b\y\J,cecidesktvs@y¥f0hJmZ 
disHkdes.QJmutj{ Qdeb0ssHJQpb0mV¢\KSdes2QVEHJ3`Hdib\{uEHJI3dg{tjctj`KpQmt0{ Q¬I3t0{uEHdisHJ^R"TVUzq"¨r°SN   #R

c	& ^	&s  	&   - _
 	   #R
 














j0 ¤ .j§  M\~v   jj0H 
* ~+0J,tjs]qEHmVdgK]QVbjxEHJKNJcibjhx3tjsy3°'ci`@J,m]Q T¬bjcgy\`@JQVJ,m, qEtvb.K®tvs@ya`demE[Z0QEHI3di{d QpZadestOI3b\y\J,c\ bjm
{demu{t0y\dgtvsb0K{




















ytQVdibjs b0m'tvsdes.QVJ,kjmutQde0J¬tjxHxHmb0tj{uE=  F  #^W	   s# F#^s	& 
 














dis¡[de0b   	& s
 
























K	&s   	&    #R
 















j~ ¤ 0§  ,%1[j_   °SxHmVdic=v00~H 
zmz Ä{F|R}R~R|
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
